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BaCkground: The purpose of the study was to investigate optometrist’s knowledge and practice on solar ultraviolet 
radiation and its implication on vision.
Material and Method: A survey was conducted using purposive sampling. The study was conducted from Ja-
nuary 2020 to February 2020 using emailed questionnaires. Basic socio-demographic characteristics, participants’ 
knowledge and practice on solar ultraviolet radiation were assessed. The key variables under consideration were 
knowledge and practice on solar ultraviolet radiation. Odds ratios were calculated and chi-square test conducted.
results: A total of 270 optometrists received the survey with a response rate of 81% and mean age of 26.4 ± 4.3 
years. Only 36% had good knowledge of the effects produced by solar radiation. On attenuation knowledge only 
1% recommended contrast filters, 13% polarizing lenses and 4% polycarbonate. There solar ultraviolet radiation and 
cortical cataract (p = 0.012) was significantly different. Men had good knowledge about cataract (OR = 1.63, 95% 
CI = 1.56–1.76), keratopathy (OR = 1.72, 95% CI = 1.35–1.56), and pterygium (OR = 1.36, 95% CI = 1.32–1.43). 
Most respondents 66% could only dispense Photochromatic lenses because they are readily available.  
ConClusion: The study denotes that solar ultraviolet radiation is an issue of global public health concern. Aware-
ness is still a challenge and optometrists are well placed to create awareness. Public health act should initiate a policy 
on the attenuation of solar ultraviolet radiation.
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introduCtion
Exposure to solar ultraviolet radiation has been 
shown to have significant public health impli-
cation. Overexposure is associated with various 
pathologies to the human eye. According to the 
World Health Organization, 20% of the global 
blindness is attributed to solar ultraviolet radia-
tion [1]. Globally, overexposure to solar ultraviolet 
radiation has caused approximately 1.5 million 
disability adjusted life year and premature deaths 
totaling to 60,000 [2]. In the United Kingdom, it 
is estimated that over 14.5 million workers are ex-
posed to solar ultraviolet radiation [1]. In sub-Sa-
haran Africa, data on solar ultraviolet radiation is 
limited. However, cataract being one of the great-
est burdens resulting from overexposure to solar 
ultraviolet radiation is at 14% of the global disease 
burden [3]. In Kenya, data on solar ultraviolet 
radiation does not exist, however, cataract is the 
leading cause of blindness. It contributes to 43% 
of the Kenyan blindness [4]. Therefore; knowledge 
of optometrists on solar ultraviolet radiation is sig-
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nificant as they are well placed to create awareness 
to the public.
The total burden of disease caused by cataract 
globally is estimated at 25% and it is due to cortical 
cataract [2]. The ultraviolet radiation does not pen-
etrate, however, it highly affects the human eye since 
the eye is sensitive to wavelength of 555 nanom-
eter [5]. Absorbing the solar ultraviolet radiation 
produces photo luminescent and photo chemical 
effects to the crystalline lens. Based on occupation, 
at some point in time, one will have to be exposed 
to solar ultraviolet radiation. The magnitude of so-
lar ultraviolet radiation to the eye depends on the 
time of exposure and the concentration. The effects 
produced by solar ultraviolet radiation to the eye 
include; pinguecula, pterygium, cortical cataract, 
keratopathy, photokeratitis and age related macular 
degeneration [3]. These are key ocular conditions 
which can only be understood by optometrists and 
ophthalmologists. In the African context, the chief 
complaint reported by patients is photophobia. 
A study in South Africa, among optometrists on 
the major complains raised by patient, 97% men-
tioned photophobia [6]. A similar high proportion 
was recorded in Nigeria where 89% complained 
of photophobia. While on functional low vision 
due to pterygium, 5000 per million were affected 
[7]. In Tanzania, a survey showed that there was 
a link between cortical cataract and solar ultraviolet 
radiation 33% [8]. This suggests that most exposed 
individuals seek advice from optometrists and other 
eye care providers. In Kenya, in as much as data on 
solar ultraviolet is not available, knowledge of op-
tometrists on the same has not been assessed. 
In as much as solar ultraviolet radiation is sig-
nificant to public health, it is a great risk factor to 
other ocular conditions. Globally, the majority of 
citizens do outdoor jobs with only a few involved 
in indoor jobs. This is a clear indication that the 
general population is exposed to solar ultraviolet 
radiation. A study in South Africa showed that 78% 
of the working population does outdoor jobs with 
only 29% involved in indoor jobs [9]. Attenuation 
of solar ultraviolet radiation can only be achieved by 
using reflective lenses such as tinted lenses. A study 
conducted in the United States showed that 64% of 
the patients who had cortical cataract were involved 
in outdoor activities for a long period of time.7 In 
sub Saharan Africa, studies on optometrists involve-
ment in attenuation of solar ultraviolet radiation 
has not been well articulated [10]. However other 
countries such as South Africa and Nigeria have 
started developing strategies to curb solar ultraviolet 
radiation. In Kenya, attenuation on solar ultraviolet 
radiation is not known and optometrists are well 
placed to look at the issue. However, knowledge 
of Kenyan optometrists on the attenuation of solar 
ultraviolet radiation is not known.
Wearing gears for protection against solar ultra-
violet radiation is very vital. To maximize aware-
ness, optometrists practice is deemed necessary to 
the general public. A study in Australia reported that 
67% of the interviewed optometrists were advising 
patients the management of solar ultraviolet radia-
tion [3]. However, in Nigeria, only 2% of the op-
tometrists could advise the patients on the effects of 
solar ultraviolet radiation [11]. This shows that de-
veloped countries are becoming more aware of solar 
ultraviolet radiation effects and the optometrists are 
playing a crucial role. The general population con-
stitutes the literate and the illiterate, therefore public 
awareness on solar ultraviolet radiation is significant. 
In Kenya, little is known on solar ultraviolet radia-
tion and no evidence of practice among optometrists 
exists. Therefore this study assessed the knowledge 
and practice on solar ultraviolet radiation.
Material and Methods
The questionnaires were given to optometrists 
practising all over Kenya. A quantitative approach 
was adopted in which questions were administered 
through their emails. The population of Kenya is 
estimated at 47 million with 47 counties. Primary 
eye care providers are distributed all over the coun-
ties with the majority based in Nairobi County. 
Only respondents who returned the consent were 
included in the study. The respondents were able 
to withdraw at anytime. An ethical approval was 
sought from Maseno University ethics review com-
mittee.
Recruitment was done from January 2020 to 
February 2020. A response rate of 81% was at-
tained. The study adopted a purposive sampling 
(Fig. 1). The questionnaire had been pre-tested dur-
ing a pilot to assess for Cronbach’s’ reliability (as-
sessed at the level of 0.974 and 0.926 for knowledge 
and practice questionnaire respectively) and validity 
(assessed by performing a Pearson correlation coef-
ficient and obtained 0.000 < 0.05, n = 30). Par-
ticipants who participated in the pilot study were 
excluded. Statistical Package for Social Sciences ver-
sion 17 software was used to analyze the data. Values 
of p < 0.05 were considered statistically significant.
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results 
knowledge of solar ultraviolet 
radiation
Most respondents 64% were not aware of the 
effects of solar ultraviolet radiation. However, less 
than half of the respondents (36%) knew the effects 
produced by solar ultraviolet radiation. Only 7% of 
the respondents could identify photochemical ef-
fects. A slightly higher proportion (72%) could iden-
tify the time of exposure as a factor responsible for 
solar ultraviolet radiation magnitude to the eye. Ma-
jority of the respondents (78%) had a good knowl-
edge on cataract. However, knowledge of pterygium 
24%, keratopathy 16%, pinguecula 21%, photok-
eratitis 12% and age-related macular degeneration 
10% were significantly low. There was a statistically 
significant difference on solar ultraviolet radiation 
and cortical cataract (p = 0.012). Compared with 
women, men had good knowledge about cataract 
(OR = 1.63, 95% CI = 1.56–1.76), keratopathy 
(OR = 1.72, 95% CI = 1.35–1.56), and pterygium 
(OR = 1.36, 95% CI = 1.32–1.43) as conditions 
arising from exposure to solar radiation (Tab. 1).
knowledge on the attenuation  
of solar ultraviolet radiation
Majority of the respondents 63% agreed that sun-
light is useful to the human body. Over three quarter of 
the respondents 87% were dispensing Photochromat-
ic lenses. Other attenuation methods dispensation was 
significantly low. For example only 1% recommended 
contrast filters, 6% yellow absorbing filters, 13% po-
larizing lenses and 4% polycarbonate. Majority of the 
respondents 3% who recommended polycarbonate 
were based in Nairobi. Polycarbonate were 2.5 (95% 
CI = 2.1–3.5) times more likely to protect the eye 
from solar ultraviolet radiation than Photochro-
matic lenses. Compared with younger respondents 
figure 1. The survey questionnaire
sociodemographic characteristics
age ......................
gender ......................
Duration of practice ............................................
County of practice ............................................
Qualification ............................................
knowledge on solar ultraviolet radiation
Do you know that solar ultraviolet radiation impacts negatively on vision?
  Yes
  No
If yes to 2 above, which of the following do believe is induced by solar ultraviolet radiation?
  pinguecula
  pterygium
  Keratopathy
  photokeratitis
  Cataract
  age related macular degeneration
practice on solar ultraviolet radiation
Do you advise your patients on the impacts of solar ultraviolet radiation to the eye?
  Yes
  No
If yes to 4 above, which method of attenuation do you advice your patients on?
  photochromatic lenses
  Contract filters
  polarizing lenses
  polycarbonate
  Yellow absorbing filters
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(25–30 years old), elderly individuals had less knowl-
edge on contrast filters (35–40 years old: OR = 0.40, 
95% CI = 0.39–0.67; ≥ 40 years old: OR = 0.61, 
95% CI = 0.13–0.48), yellow absorbing (35–40 years 
old: OR = 0.57, 95% CI = 0.37-0.59; ≥ 40 years 
old: OR = 0.53, 95% CI = 0.25-0.41), and polar-
izing lenses (35–40 years old: OR = 0.89, 95% 
CI = 0.64–0.76; ≥ 40 years old, OR = 0.41, 95% 
CI = 0.41–0.60) as attenuation means for solar ultra-
violet radiation.
praCtiCe on solar ultraviolet radiation
A relatively low proportion of the respondents 
48% were advising patients on solar ultraviolet ra-
diation. Majority of the respondents 78% were not 
concerned about solar ultraviolet radiation but re-
fractive error correction. Most respondents 66% 
could only dispense Photochromatic lenses because 
they are readily available.  The age-specific analysis 
found that middle-aged individuals (30–35 years 
old) were significantly less likely to identify the con-
tribution of solar ultraviolet radiation (OR = 0.31, 
95% CI = 0.13–0.45) to ocular pathologies (Tab. 2).
assoCiation Between deMographiC 
CharaCteristiCs and knowledge  
on solar radiation
Association between demographic characteristics 
and knowledge on solar radiation has been pre-
sented on Table 3.
disCussion 
The present study investigated optometrist 
knowledge and practice on solar ultraviolet radia-
tion in Kenya. Solar ultraviolet radiation has been 
shown to produce side effect such as photochemi-
cal and photoluminscent effects. In this study the 
knowledge of optometrists was low. However, this 
could be attributed to the lack of policy guidelines 
on solar radiation by the ministry of health. A study 
table 1.knowledge on solar ultraviolet radiation
variable number (%)
do you know the effects produced by solar radiation?
Yes 36
No 64
which solar radiation induced eye effect do you know?
pinguecula 21
pterygium 24
Keratopathy 16
Cortical cataract 78
photokeratitis 12
age-related macular degeneration 10
table 2. practice on solar ultraviolet radiation
variable number (%)
do you advice your patients on solar radiation?
Yes 48
No 52
which methods of attenuation do you practice?
photochromatic lenses 78
Contrast filters 1
polarizing lenses 13
polycarbonate 3
Yellow absorbing filters 6
table 3. associations between demographic and knowledge on solar radiation
variable
knowledge
or (95% Ci) p value
good poor
age group(n = 219)
25–30 24 (56%) 4 (24%) 12.0 (3.0–13.6) < 0.155
35–40 7 (30%) 14 (70%) 1.0
duration of practice
< 5 19 (6.0% 6 (25.0%) 1.0
6–9 3 (1.0%) 5 (20.8%) 0.2 (0.0–0.3) 0.033
> 10 3 (2.0%) 13 (54.2%) 0.1 (0.0–0.3) < 0.001
Qualification
BSc optometry 25 (14%) 7 (50%) 2.5 (0.5–9.2) 0.145
Dip optometry 10 (8.6%) 7 (80%) 1.0
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conducted in the United States to investigate effects 
produced by solar radiation showed that 78% of 
the general population ware aware of the side effects 
[14]. This is relatively a greater proportion attrib-
uted to well establish policy to handle solar ultra-
violet radiation. At the same time, awareness could 
have been established by the optometrists. However, 
there is no data on the knowledge of optometrists 
on solar radiation in the United States. In the Afri-
can context, South Africa reported 60% of the gen-
eral population being aware of solar radiation [15]. 
Being that South Africa comprises, both whites and 
blacks, the knowledge on radiation could have been 
improved as whites are at greater risk. In the Kenyan 
context, policy guidelines regulating solar ultravio-
let radiation do not exist. Therefore, optometrists 
are well placed to create awareness. However their 
knowledge on solar ultraviolet radiation is signifi-
cantly low. Being that policy does not exist, the 
optometrists ought to have taken the initiative to 
create public awareness on solar radiation effects to 
the eye.  
Globally, everyone is exposed to solar ultraviolet 
radiation. However, with its adverse effects on the 
human eye, preventive measures should be adopted 
and applied. In Kenya, less than 50% are engaged in 
indoor jobs [16]. This is a clear indication that the 
majority are exposed to solar ultraviolet radiation. 
This study has reported a low level of knowledge 
on attenuation techniques. In Australia, a study 
conducted among optometrists on solar ultraviolet 
radiation showed that 76% were aware of the at-
tenuation methods [17]. A similar scenario was re-
ported among optometrists in the United Kingdom, 
where 75% of the optometrists were aware of the 
attenuation method [18]. This is seen in developed 
countries as policies inclined towards solar ultra-
violet radiation are well established. In as much as 
optometrists are well placed to create awareness on 
the attenuation methods for solar radiation, African 
context data still misses. In Nigeria, 34% of the gen-
eral population ware aware of the attenuation meth-
ods [14]. However, optometrist’s knowledge has not 
been established. This could be due to lack of poli-
cies on solar ultraviolet radiation. In Kenya, nothing 
has been documented on attenuation awareness by 
the general public and the optometrist knowledge 
on solar radiation. In the literature search, little exist 
on knowledge of optometrists on solar ultraviolet 
radiation. Therefore this study will be the first in 
Africa to report knowledge of optometrists on solar 
ultraviolet radiation.
Prolonged exposure to solar ultraviolet radia-
tion is a risk factor for cataract. A study in Australia 
reported no significant association between solar 
ultraviolet radiation and pinguecula, pterygium and 
keratopathy (p = 0.67) [19]. However, there was 
a significant association between solar ultraviolet 
radiation and cortical cataract (p = 0.002). The 
study results are concurrent to our study in which 
there was a significant association between corti-
cal cataract and solar radiation (p = 0.014). This 
is a great risk to blindness as cataract contributes 
to Kenyan blindness by 43% [4]. In this study, 
most optometrists did not have the knowledge of 
cortical cataract as attributed to solar ultraviolet 
radiation. In Nigeria, most optometrists 65% are 
aware of cortical cataract to be attributed to solar 
radiation [7]. In general, optometrists need to en-
gage in a more comprehensive diagnosis and proper 
history taking to ascertain the causes of the ocular 
conditions. Based on literature such, this will be 
the first study relating optometrists and solar ultra-
violet radiation. The World Health Organization 
recommends certain measures to apply in curbing 
solar radiation. A study in Tanzania showed that 
90% of the most affected by solar radiation are peo-
ple with albinism [12]. Other studies reported that 
whites are more prone to skin diseases attributed 
to solar radiation than blacks. In Kenya, albinism 
exists however, little is known on solar ultraviolet 
radiation effects to the eye. The optometrists are 
well placed to assess this and come up with conclu-
sive information. Therefore, a global investigation 
of optometrist’s knowledge needs to be established 
so as to reduce the incidences of solar ultraviolet 
radiation effects.
Acquiring a filter to curb solar ultraviolet ra-
diation goes at a cost. This may influence the op-
tometrist’s scope of advice as they may pre judge 
a patient. In the United States, filters to curb solar 
radiation are affordable while in Kenya only Pho-
tochromatic lenses are affordable. A study con-
ducted in Tanzania showed that 22% were wearing 
absorbing filters against solar ultraviolet radiation 
[11]. This was the contrary in Kenya where 60% 
wear photochromatic lenses for fashion purposes 
[4]. Most optometrists based in Mombasa Kenya 
reported that 45% wear sunglasses due to the hot 
conditions. Due to climate change, in Canada, 
it was reported that 90% wear filters during hot 
seasons [20].In as much this happens globally, lit-
tle is known on the practice of optometrist on 
solar ultraviolet radiation. Attention on attenua-
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tion and practice on solar radiation is significant, 
however, it is the responsibility of optometrists to 
facilitate this.
The study had certain limitation. Firstly other 
eye care providers were not included in the survey. 
Therefore the results of the study may not be gen-
eralized to other eye care providers. Secondly, other 
stakeholders were not included in the survey and 
this influenced the government to take and stand 
on solar ultraviolet radiation. 
The strength of the present study was it first in-
vestigated the personnel who see the general popula-
tion. Involving optometrists in the study was a base-
line in first getting whether the exports understand 
the situation before moving to the general popula-
tion.
ConClusion
Solar ultraviolet radiation exists. Therefore there 
is need of public health policy on solar radiation to 
provide disease burden associated with overexpo-
sure and in exposure. There is need for solar radia-
tion protection programmes to raise awareness of 
the health hazards. A global solar radiation index 
should be integrated so as to enhance a long term 
public health protection approach. A global inves-
tigation of optometrist’s knowledge and practice on 
solar ultraviolet radiation should be determined. 
This will ensure that continuous update to the 
general population on solar radiation reaches the 
general public.
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